tiotemporal relationship between excitatory and inhibitory inputs in the developing Xenopus visual system. We found that developmental refinement of RFs is accompanied by a progressive matching in the topography and strength of excitatory and inhibitory connecSummary tions made on single tectal neurons, a process that depends critically on a proper level of GABAergic inhibThe receptive field (RF) of single visual neurons undergoes progressive refinement during development.
Introduction currents were blocked by the application of bicuculline in the tectum, and thus were mediated by GABA A reSynaptic connections undergo substantial refinement during development, a process that is influenced by ceptors ( Figure 1B) . In this report, we refer to glutamatergic and GABAergic inputs as excitatory and inspontaneous and experience-driven neuronal activity . could not resolve the changes in excitatory and inhibitory connections on the tectal neuron. In the present To examine the developmental refinement of RFs of tectal neurons, we first mapped the tectal RFs in the study, a whole-cell recording method was used to monitor visually evoked synaptic inputs onto tectal neurons tadpoles of relatively mature stages. We displayed the RFs determined by excitatory and inhibitory inputs by and to examine the developmental changes of these connections. In view of the fact that sensory stimuluscolor coding the magnitude of integrated charge of stimulus-evoked excitatory or inhibitory CSCs meadriven excitatory and inhibitory inputs to a single neusured within a defined time window after the termination of each unit stimulus (see Figure 1A and Experi-Examination of RFs from a large population of cells during stage 43 to 48 showed a progressive reduction in the size of eRFs and iRFs with development ( Figures  2A-2C , top, and Figure 2D ). As RFs became reduced in size, there was increasing spatial matching between eRF and iRF, as reflected by the changes in both the topography and strength of excitatory and inhibitory inputs. At stage 43-44, two types of RFs showed substantial nonoverlapping topography (Figure 2A, top) . No significant correlation was found between the magnitude of the total charge of CSCs for each pair of excitatory and inhibitory CSCs evoked by the same unit stimulus (Figure 2A, bottom) . With development, the strength of excitatory and inhibitory inputs became more correlated ( Figures 2B and 2C, bottom) . Increased spatial matching of eRFs and iRFs was quantitatively shown by a progressive reduction in the average distance between the centers of eRF and iRF ( Figure 2E , blank) and an increase in the average correlation coefficient for the magnitude of excitatory and inhibitory Figure 1D (4 days older), these RFs were and a balanced excitation and inhibition in more mature much larger in size (covering w80% of the retina), contectal neurons. sistent with diffuse connectivity during early developIn early stages of Xenopus development, inhibitory ment. In addition, eRF and iRF exhibited distinctly disinputs constitute the major part of visual stimulusevoked responses (Figures 2F and 2G ). There is eviparate spatial profiles, with separate RF centers. Figure 4E, right) . In contrast to the effects of bicuculprecise contribution of circuit remodelling in the retina line, perfusion with diazepam resulted in a 43% ± 12% remains to be determined, our results on tectal manipu-(n = 7) reduction in the total number of spikes evoked lations of GABAergic transmission suggest that refineby the visual stimulus and a 25% ± 4% (n = 10) dement of connectivity within the tectum plays an essencrease in the average firing rate of the spontaneous tial role in the refinement of RFs of tectal neurons. spiking activity (Figures 4C-4E) . Application of vehicle
The developmental pruning and remodelling of retisolution did not result in any apparent change in the notectal connections in the Xenopus visual system has firing activity of the tectal cells ( Figure 4E ). Taken tectal neuron must be modified in a coordinated manexcitatory and inhibitory synaptic conductances exhibner so that a balanced excitation and inhibition can be iting a linear correlation (Zhang et al., 2003) . In the preachieved in the mature tectum. We suggest that there sent study, we showed that balanced excitation and inis a positive feedback mechanism that helps to hibition of the tectal neuron emerges gradually during strengthen and stabilize those inhibitory inputs that development, and this developmental process requires correctly match spatially and temporally with the excitthe presence of an appropriate level of GABAergic synatory inputs. Cortical and hippocampal GABAergic synaptic activity in the tectum.
apses are known to be capable of detecting and can be 
Tadpole Preparation
The RF was determined by the area within which the unit spot Xenopus laevis tadpoles were raised under room temperature stimuli evoked consistent synaptic responses, determined by their (22°C), with 12 hr shift between light and dark. Tadpoles of Nieuwconsistent onset latencies and their averaged amplitude (three koop and Faber stage 40-48 were anesthetized with saline containtimes larger than the standard deviation of the baseline activity ing 0.02% MS222 (Sigma) and secured by insect pins to a sylgardwithout visual stimulation). Spatial RF was represented in a pseucoated dish and incubated in HEPES-buffered saline containing docolor map with the color of each element representing the 135 mM NaCl, 3 mM KCl, 3 mM CaCl 2 , 1.5 mM MgCl 2 , 10 mM average integrated charge of CSCs evoked by the corresponding HEPES, 10 mM glucose, and 0.005 mM glycine (pH 7.4). The skin unit stimulus. Integrated synaptic conductance (ISC) was defined was removed and the brain was split open along the midline to as Sg(t) × ⌬t, with t covering the entire response window. When the expose the inner surface of the tectum. A low dose of α-bungarocell was clamped at the reversal potential for excitatory currents toxin (2 mg/ml) was applied to the bath to prevent muscle con-(V h = E e ), the synaptic currents were contributed only by inhibitory traction. Experiments were performed at room temperature, and conductance, thus g i (t) = I(t)/(V h − E i ). The excitatory conductance the bath was constantly perfused with oxygenated recording mewas similarly obtained. dium containing 118 mM NaCl, 3 mM KCl, 3 mM CaCl 2 , 1.5 mM MgSO 4 , 1.25 mM NaH 2 PO 4 , 26 mM NaHCO 3 , 10 mM glucose, and 0.005 mM glycine.
Drug Treatment
Bicuculline (1 mM in 0.9% NaCl), Diazepam (1 mM, 10% propylene glycol and 0.9% NaCl), or vehicle solutions (10% propylene glycol, Electrophysiology and Visual Stimulation Tectal cells were patched under DIC optics. Micropipettes were 0.9% NaCl) were injected into the brain ventricle at a volume of 10-20 l, starting from stage 40. Drugs were replenished every 24 hr. made from borosilicate glass capillaries (Kimax), had a resistance in the range of 2-3 M⍀, and were tip-filled with internal solution All drugs were from Sigma. Since the tadpole brain was opened to allow access to tectal cells, and the ventricle was exposed to the and then back-filled with internal solution containing 200 g ml −1 amphotericin B. The internal solution contained 110 mM K-gluconormal external recording medium under constant perfusion for at least 30 min before recording in each experiment, drugs applied nate, 10 mM KCl, 5 mM NaCl, 1.5 mM MgCl 2 , 1 mM CaCl 2 , 20 mM HEPES, and 10 mM EGTA (pH 7.3). Recording was made with a for chronic treatments were washed out before the RF mapping. Due to technical difficulty of recording from tectal cells without patch-clamp amplifier (Axopatch 200A; Axon Instruments). The whole-cell capacitance was fully compensated, and the series reopening up the ventricle, we were unable to determine whether the drug was pumped out or whether the drug effects on tectal cell sistance (10-20 M⍀) was compensated by 75%-80% (lag 60 s). 
